Abstract: Today, one of the most important issues in the world is that the concentration of carbon dioxide in the atmosphere which is the fundamental reason for global warming exhibits a severe increase in every passing year. It is a general view that the most crucial step to succeed in mitigation carbon emissions is the reduction of energy consumption. In this study, production and energy consumption data only for year 2016 of an industrial textile factory in Turkey were employed to explore carbon emission mitigation potential through energy efficiency. The research consists of three steps listed as i) data collection, ii) data processing and iii) data evaluation. Energy saving potential of the industry has been determined with the help of the energy consumption relations developed depending on data obtained from the factory by calculating the target energy consumption for year 2017 and beyond. Also, the amount of reduction in carbon emissions stemming from the amount of fuel saved thanks to energy efficiency has been calculated. Energy saving potential for 2017 and later years was found 98.9 TOE per year and also due to these saving, the amount of the reduction in CO 2 emissions of the factory will totally be 2.75 milliontones CO 2 in comparison to year 2016. It is also seen that financial savings will be approximately € 28,646.06 for the year 2017 and later years.
INTRODUCTION
Globally, carbon-based fuels are significantly used to generate energy that is heavily used in the industry is one of the most major expenditures of factories. Owing to the population growth and economic growth of countries, the consumption of energy has been showing a remarkable increase recently [1] . The relationship between energy consumption and economic growth, as well as economic growth and environmental pollution is a crucial topic these days [2] . As would be expected, the rapid expansion of energy production and consumption has resulted in various environmental problems at the local, regional and global levels [3] . Due to these reasons, efficient use of energy is unavoidable. Energy efficiency not only increases the competitive power of institutions, but also contributes greatly to reducing emissions released to the environment. Energy efficiency is one of the fastest and most economical ways to influence the environmental performance improvements of industrial institutions. It is inevitable to provide continuity, quality and low cost of energy inputs in industrial institutions where energy cost is high [4] . Hence, industrial institutions should have an energy management system that will increase productivity and profitability in the institutions by providing energy saving thanks to true energy-management [5] . It is known that the development and effectively implementation of an appropriate energy management program can lead to remarkable energy savings for the industrial organization. The energy management system is a disciplined work designed to make energy usage more efficient without any slowdown in production taking into account product quality, safety and all environmental conditions [6] . Improvements in energy efficiency have been suggested as both a measure of progress towards sustainable development and as a means of achieving sustainability. The popular interpretation of energy efficiency is 'doing more with less' that is of reducing the energy requirements associated with a given level of economic activity [7] . Many governmental plans to mitigate greenhouse gas (GHG) emissions involve improving energy efficiency in the home, in industry and in transportation. It can be easily expressed that the increase in energy efficiency can bring about the decrease in energy usage, thereby can be observed the mitigation in the GHG emissions. GHG can be identified as any gas in the atmosphere resulting in a greenhouse effect trapping thermal radiation from the sun in Earth's atmosphere. Carbon dioxide (CO 2 ), methane (CH 4 ), nitrous oxide (N 2 O), ozone (O 3 ), water vapor (H 2 O), and chlorofluorocarbons (CFCs) are the major GHSs in Earth's atmosphere [8; 9] . Among them CO 2 emissions are considered as a dominant contributor to the greenhouse effect triggering global warming and climate change [10; 11] . In recent years, a lot of scientific effort has been put to reduce CO 2 emissions from energy production.
In the literature, Worrell and co-workers presented that a research about the relationship between costeffective energy efficiency and the reduction of CO 2 emissions from iron and steel sector in USA. In the period 1958-1994, owing to the intensity of physical energy for iron and steel production fell from 35.6 GJ/tonne to 25.9 GJ/tonne, 39 % reduction in CO 2 emissions was observed. Worrell et al., (2001) found that in 1994, 18 % of the energy consumed for iron and steel production in USA could be decreased by energy efficiency, and thus a 19 % reduction in CO 2 emissions could be provided [12] . Perry and coworkers expressed that the improvements in energy efficiency in the industry equally contribute to the decrease of energy consumption and CO 2 emissions. They developed Total Site targeting method being one of integrating energy systems. Perry et al., (2008) found that Total Site targeting method can be effectively applied to integrate renewables into the energy source mix and finally diminish the carbon footprint of these locally integrated energy sectors [1] . Kılıc, (2017) investigated energy efficiency for a natural gas fueled boiler in a textile industry and measured mass and energy balance in boiler operating conditions and calculated boiler efficiency, potential energy saving areas, saving amounts, investment costs and payback periods by taking into account mass and energy balances [13] . Hanley and co-workers investigated the effect of improvements in energy efficiency both theoretically and empirically. They concluded that the increase in the energy efficiency leads to improvements in local sustainability indicators [7] . This study was implemented by benefiting energy consumption-production data in 2016 of a textile factory established in Çorlu, Turkey in 2000. The annually production capacity of the factory is 700 tonnes. The factory has yarn twisting, yarn dyeing, warp, weaving, embroidery, quality control and packaging processes. There are 15 machines in the yarn twisting section, 9 machines in the warp section, 57 machines in the weaving section, including 24 jacquards and 33 armor, and 4 machines in the embroidery section containing 3 standards and 1 pentacut. The annual capacity of yarn dyeing section is 700 tonnes and that of weaving section is 3,000,000 m. The factory is working with the order method under its capacity and the number of machines used has been meeting the job. There are 1 natural gasfueled steam boiler and 1 coal-fueled steam boiler that will meet the steam and heat needs of the factory and the machines that will run the processes within the factory. There is an economizer, hot water boiler, condensate tank in the natural gas boiler operating at 5 bar operating pressure and one heat exchanger is used.
METHOD

Energy Scanning
In order to investigate energy efficiency in the factories, energy screening must first be done. In the energy screening, the production and consumption quantities of the factory are taken according to the specified time frame and converted into schedules. According to the schedules obtained, necessary calculations are made and energy analysis graphs are constituted. These graphics provide a comparison between consumption and production. Thus, the points at which the factory can save money can be determined. Then, savings that can be made with various calculation methods are calculated. The first stage of energy screening is the collection of energy and production data. First of all, data collection strategies need to be determined in the collection of data. For this purpose, the following process steps are applied [5] ; a. Name of the production with energy types to collect data, b. Determination of energy and production points to be measured, c. Determination of measurement types (such as measuring instruments) and periods (at least 10-20 sets of data should be taken) d. The measurement period (at least 10 weeks for weekly measurements, at least one year for monthly measurements) and the determination of the type and location of data collection.
Determination of energy consumption standard
Once data has been collected, the standard line for each operator's energy consumption should be determined. This standard line is a linear equation showing that energy requirement is dependent on specific variables (production, weather conditions, etc.). These equation types are divided into three [5] . ENERGY = a + bP is a linear equation where; a and b are constant values, and P is a specific variable for section examined. The type of standard equation to be appropriate for any section depend on the number of specific variables and the relationship between energy and these variables. These equations are:
Energy consumption is constant and there are no specific variables for the section examined. In this case, the energy consumption of the section examined is fixed at the beginning regardless of production.
; = + (2)
Energy consumption depends on a single specific variable P (production). In this linear equation, a is the amount of energy that is not related to production.
In this equation, energy consumption depends on more than one specific variable. These specific variables are P1, P2, P3, various variables like production amount, weather conditions etc. or a variety of types of products produced in the same section, where a is constant showing energy consumption that occurs when all the specific variables are zero and also being irrelevant to production. The values of b, c, d constants depend on the importance of the relevant variables [14] .
After the standard equation found, the targets are determined. While the standard is determined for each section, target must be also determined at the same time. The target is an equation in the same form with the standard. It is necessary to regularly compare expected energy use with actual energy consumption values to assess performance after the target has been determined in the factory. To do this, specific energy consumption (SEC) values can be employed. SEC is defined as the energy used per unit of product. SEC value is especially important for monitoring the effect of various operating conditions on factory production performance. The increase of SEC value indicates a decrease in performance and an unnecessary increase in energy consumption [5] . SEC method was used to evaluate the energy efficiency and performance of the factory. Specific variables such as production in a plant can be identified as ''tonne, kg, m 2 , item'' etc.
Specific Energy Consumption=(Total Energy Consumption)/(Total Production) (4)
As another assessment method, drawing cumulative total values (CUSUM) chart is also appropriate for viewing the status of a plant. An evaluation is made between production and energy data to draw CUSUM graph. For this, the standard equation is calculated by the least squares method. If there is no mathematical relation between the data, that is, if the standard equation does not lead us to logical results, the theoretical real consumption is calculated, depending on the target data set. A suitable CUSUM graph is drawn accordingly. When this graph is examined, the values with negative slope and the areas remaining in the negative region show when the plant has a good performance, and the positive ones show the times of worsening [15] .
Global Climate Change
The concentration of atmospheric CO 2 in the atmosphere has increased significantly from about 280 ppm in 1780 to 367 ppm in 1994 and to 410 ppm in April, 2018 [16; 17] . This increase of CO 2 in the atmosphere includes both anthropogenic and natural emissions, i.e. volcanoes, fires [16] . When CO 2 is released into the atmosphere, it traps heat much like the glass in a greenhouse. Excessive trapped heat can trigger changes in the Earth's climate over time, containing a rise in the global average surface temperatures. Of all of greenhouse gases, CO 2 is the single largest contributor to the problem, accounting for 60 % of the direct radiative forcing of all GHGs. At a global level, such changes result in warmer air and ocean temperatures, changes in rainfall patterns, an increased number and intensity of floods, droughts, hurricanes and other storms, widespread melting of ice and snow, and rise of average sea level -all of which directly or indirectly affect human and ecological systems [18] .
Carbon footprint (CFP) has become a widely used term and concept in the public debate on responsibility and abatement action against the threat of global climate change [19] . The CFP typically considered the six GHGs including CO 2 , CH 4 , N 2 O, sulfurhexafluoride (SF 6 ), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) is the total amount of CO 2 and other greenhouse gases, emitted over the full life cycle of a process or product. It is expressed as grams of CO 2 equivalent per kilowatt hour of generation (gCO 2 eq/kWh), which accounts for the different global warming effects of other greenhouse gases [19; 9; 20] . Global Warming Potential (GWP) is used as an indicator to quantify the CFP. According to GWP, CFP is calculated by following equation
Climate Change = ∑i GWPa,i x mi
Where, GWPa,i is the Global Warming Potential for substance i integrated over a specified number of years and mi (kg) is the quantity of substance i emitted. The indicator result is expressed in kg of the reference substance, CO 2 [9] .
New technologies are needed to mitigate CO 2 emissions to combat with global climate change and in the present study, energy efficiency method is used to reduce CO 2 emissions stemming from various sources that can be identified as the inputs of the factory namely coal, natural gas and electricity. The decrease in the amount of CO 2 emissions depending on the decrease in the consumption of coal, natural gas as well as electricity thank to energy efficiency technique is presented in the results section.
APPLICATION
Electricity, natural gas and coal are used as energy source in the factory which is examined in this study. Energy scanning of the factory for the year 2016 was carried out. The types of energy consumed and their costs are presented in Table 1 . As seen in Table 1 , 17.56 % of the energy used in the textile factory is composed of electricity, 13.52 % is natural gas and 68.92 % is coal. Cost percentages of these sources for the factory are electricity with 45.61 %, natural gas with 12.34 %, coal with 42.05 %. Energy production and consumption values in terms of the types of fuel used in the textile factory are monthly presented for year 2016 in Table 2 . Monthly change of fuel consumption used in the factory is presented in Figure 1 .
Figure 1. Fuel type -month consumption chart.
According to Figure 1 , when monthly consumption amounts are analyzed according to the type of fuel, it is seen that electricity consumption exhibits a more stable graphic due to the constant energy consumed by the machines that will realize the processes compared to natural gas and coal consumption. The amount of production and specific energy consumption value (Eq.5) vs the total amount of energy consumed that is the amount of energy consumed per unit of production is monthly presented in Table  3 for year 2016. Graph showing monthly production-energy consumption values of the factory is exhibited in Figure 2 .
According to Figure 2 , The decrease in the SEC value indicates an increase in productivity. In this context, the most productive time of the factory was determined as September, while its most inefficient time was January. 
Months
Electricity Consumption Natural Gas Consumption Coal Consumption Figure 2 . Graph for production-energy consumption of textile factory.
RESULTS
In this study, the potential for energy efficiency and the potential of the reduction in carbon dioxide equivalent emissions of the factory were investigated by evaluating the energy consumption-production data of the factory in Çorlu, Turkey.
Energy Efficiency Research
The energy consumption and production values of the factory in year 2016 are presented in Table 2 . In the determination of the target consumption values for the year 2017, the energy consumption values of the year 2016 were evaluated by using the best performance based moon method. According to this evaluation, a graph was created between energy consumption and production and a As shown in Figure 3 , the standard (consumption) and target (for 2017 and later years) consumption graphs were drawn with the help of production-energy consumption data of the factory and the equations of these curves were determined. When these equations are examined, it can be easily said that they exhibit a convenience with the Type 3 equation given in Equation 3. The R coefficient calculated for the equations expresses the linear relation between production and consumption. When the relation between these equations was examined, polynomials were obtained. The points below the standard curve exhibit the consumption with the best productivity. The points under the consumption curve were reevaluated and relationship among them was examined as well as target line was reached by drawing a new curve with regression analysis. Equations found is given below for standard and target curves, respectively. Found equations is given below for standard and targeted curves respectively. ystandard = -0,1501x2 + 8,1669x -69,077
According to the standard consumption graph, R 2 value was 0.4028 and R 2 value according to the target consumption graph was found as 0.823. Once the square root of R 2 value in the graph of productiontotal energy consumption will be near to 1 value, the more linear the production-consumption relation will occur. According to the actual working conditions of the factory, the R value is 0.63 and the target R value is 0.91, indicating that the linear relationship between energy consumption and production gets better. Thus, it can be accepted that 91 % of the change in energy consumption per product can be explained. In equations, y indicates consumption and x is production. The target energy consumption values are the energy consumptions calculated according to target equation (Eq. 7). By comparing the standard, target energy consumption and SEC values, energy saving potential of the factory was determined. These calculated values are presented in Table 4 . Target energy saving is the difference between standard total energy consumption and target total energy consumption. Figure 4 . Accumulative sum of the factory are given in Table 5 . The energy consumption graph of the cumulative energy consumption data calculated according to this table is shown in Figure 5 . In the result of the calculations made by using the energy production and consumption data of the year 2016 by both methods, the theoretical energy saving potential of the factory for the year 2017 and the following years was found as 24,22 % (Table 4 -5) and 98,9 TOE per year, thus 28,646.06 € annual financial savings will be provided. When the energy consumption ratios of the factory according to fuel type are examined, electricity consumption is determined as 17.56 %, natural gas consumption as 13.52 % and coal consumption as 68.92 %. If the factory can provide energy savings of 24.22 % for the year 2017 and it is assumed that the savings are distributed proportionally among the energy sources used as shown in Table 6 . The studies to be done in order to realize the energy saving potential shown in Table 6 in the factory is shown below:
First of all, it is necessary to evaluate the boiler system which consumes the energy most intensively and to evaluate the energy consuming systems separately.
The efficiency of natural gas boiler operating at 5 bar operating pressure can be made more efficient by means of a recuperator. In the recuperator, when the combustion air is heated by the flue gas, the flue gas temperature values will decrease and the boiler efficiency will increase.
Significant contribution to the energy potential will be achieved by the control of the insulation of boiler, collectors and faucets used throughout the line, and also by removing uninsulated or deformed parts.
In order to reduce the consumption of electric energy, which has a low share in the general energy consumption of the factory, energy consumption will be reduced by making the elements such as circulating pumps, electric motors, etc. frequency controlled and replacing the elements used in lighting with LED equivalents.
If the heating system is supported by renewable energy sources such as solar energy, it will come down to both the energy consumption values and the amount of carbon emissions emitted to the environment.
Carbon Dioxide Equivalent Emissions
Energy efficiency is one of the most promising approaches to minimize the carbon emissions stemming from industrial applications. The amount of CO 2 emissions from the factory was determined in accordance with the equation taking place in the Intergovernmental Panel on Climate Change [21] . GHG emissions from stationary combustion have been found with the equation given below:
Where E is the emission of a given GHG by type of fuel (kg GHG), FC is amount of fuel combusted (TJ) and EF is default emission factor GHG by type of fuel (kg gas/TJ). Emission factor values were taken as 56,100 kgCO 2 /TJ for natural gas and 94,600 kg CO 2 /TJ for coal coke, respectively [21] . Furthermore, emission factor for electricity consumed can be accepted as 1.0097 kgCO 2 /kWh [22] . In this study, CO 2 emissions come from coal and natural gas used in the boiler and electricity being the main energy sources in the factory. Hence, in the determination of the ratio of the reduction in CO 2 emissions via energy efficiency method is only considered to three main energy inputs of the factory.
In 2016, GHG emission values stemming from total fuel consumption for natural gas and coal as well as electricity were found as 0.1296, 11.139 and 0.0841 million-tonnes CO 2 , respectively. Moreover, thanks to energy efficiency in the factory that is the major step of this study, the decline in natural gas, coal and electricity consumption is presented in Table 7 . According to Table 7 , the amount of the decrease in CO 2 emissions in the factory in 2017 will totally be 2.75 million-tonnes CO 2 via the application of the energy efficiency in comparison to 2016.
CONCLUSIONS
In this study; a textile factory operating in Çorlu, Tekirdağ was examined in terms of energy efficiency potential and carbon footprint reduction of the factory according to the energy consumption-production data of the year 2016 and proposals were presented to provide the energy saving for year 2017 and afterwards. Major results of the study were listed in the following:
According to the present study, it was determined that the energy saving potential for year 2017 and thereafter is 24.22 %.
In the case of this saving, the reduction in the energy resources consumed by the factory is determined as 98.9 TOE. In this case, it is determined that an annual saving of 28,646.06 € will be obtained.
The amount of reduction in the carbon emissions in 2017 will be 2.75 million-tones CO 2 thanks to the energy to be saved according to the consumption rates of the energy sources used in the factory.
